Severe pulmonary hypertension due to an increased hindrance to blood flow in the small pulmonary arteries frequently complicates mitral stenosis, and when this occurs electrocardiographic evidence of right ventricular hypertrophy (RVH) is invariably present. Mitral valvotomy is commonly undertaken in patients with such changes, though their reversibility is the subject of controversy and opinions differ as to the benefit to be obtained from operation. In view of these conflicting opinions we have reviewed the results of surgical treatment of sixty patients with mitral stenosis and cardiographic evidence of RVH, and find that in addition to excellent functional improvement in the majority, the electrocardiogram has returned to normal in almost 60 per cent of the survivors. A further 6 such patients were operated on in the Manchester Regional Thoracic Surgical Centre by Mr, Gordon Jack and Mr. John Dark. Eleven (18%4) of these 60 patients died within 24 hours of operation. The 49 survivors (14 men, 35 women) have been closely followed and the cardiographic changes related to functional improvement and the valve size estimated by the surgeon at operation. All patients were examined clinically and radiologically in the University Department of Cardiology, Manchester Royal Infirmary, before operation and were considered to have predominant mitral stenosis with associated pulmonary hypertension. Two had mild aortic regurgitation in addition and one tricuspid regurgitation. Patients were classified functionally, using the New York Heart Association's classification (1939) and all have been reviewed recently. Those operated on within the last six monlths were not included.
and Sokolow and Lyon(1949) . These are sometimes difficult to apply in practice, and do not provide for the diagnosis of RVH in the presence of an R' wave in VI. Milnor (1957) has shown by electrocardiographic and vectorcardiographic studies of normal persons and patients with heart disease that themost important and characteristic electrical change produced by RVH is the shift of the spatial QRS axis rightward and anteriorly, and because of this he criticizes Myers et al. (1948) . > . ; . . . . = _ X . 4 . . _ -s t . 4 _ . , + . w S * r A -. (Fig. 4) . In the remaining 14 RVH persisted though the severity decreased in 6 of them.
The time required for cardiographic reversion to normal ranged from less than three months to two years. Accurate assessment of the time taken after operation for the cardiogram to become normal was possible in 16 patients. Twelve became normal within 7 months (Fig. 2) and one within 8 months of operation; one still abnormal 7 months after operation was normal within 15 months; one showed continued improvement for 12 months before becoming normal (Fig. 5) and another for 24 months (Fig. 6 ). Only traces of RVH remain in four of the six records showing improvement (Fig. 3) Eight patients (16Y0) developed persistent auricular fibrillation after operation. In the remainder the amplitude of the P waves occasionally diminished-in one case from 6 to 2 mm.
The age (29.5 and 29-9 years) and sex distribution of groups 1 and 2 was almost identical, but the cardiogram became normal in a higher proportion (19 of 27=70X) of patients with symptoms of less than 7 years duration than in those with symptoms for longer than 7 years before operation (9 of 20=45%~) (Fig. 7) . Approximately the same proportion of good splits was obtained at operation in both these groups.
Mortality rate in patients operated on between 1952-1954 (17%.) and between 1955-1957 (19o/.) was similar though in the survivors the cardiogram returned to normal in a rather higher proportion of patients operated on in the first three years (74h) compared with those operated on between 1955 and 1957 (50%O).
Pre-operatively, 44 of the surviving patients were placed in functional grades 3 or 4 and only 5 in grades 1 and 2. After operation 45 patients were classified as grade 1 or 2 and only 4 as grade 3 or 4 (Fig. 8) (Lancet, 1957) . Wood (1954) found a close correlation between cardiographic evidence of RVH and the PVR, but Goodwin et al. (1955) did not find such a close correlation between the cardiogram and the pulmonary pressure: the latter, however, assessed the pulmonary arterial pressure from the radiological appearances, a method of rather doubtful accuracy. We have never 30 20 I-, ul .U 101 386 group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from encountered RVH in patients with a normal PVR and we feel it is reasonable to regard the presence of RVH on the cardiogram as implying a raised PVR.
Accepting this correlation between RVH and the PVR, it follows that regression of the cardiographic signs after valvotomy implies a fall in PVR. This assumption, however, may not be entirely valid. Donald et al. (1957) found that, after successful valvotomy, there was a striking fall in RV work, but this was only in part due to a fall in PVR and pulmonary arterial pressure although both these parameters were invariably reduced. An important factor was a fall in cardiac output, an unexpected and inexplicable finding. Thus, a pre-operative RV cardiogram certainly means a raised PVR, but post-operative return of the cardiogram to normal although implying a fall in PVR may not necessarily mean a restoration of it to normal.
It is generally accepted that the pulmonary arterial pressure may fall and the cardiographic signs of RVH regress after successful valvotomy. There is some doubt, however, as to the proportion of cases of this kind that will respond to operation in this manner. Mackinnon et al. (1956) noted striking improvement with the ultimate return to normal in 2 of 5 such cases submitted to operation; in a third the period of follow-up was too short to permit assessment. In Mounsey's (1957) series of 100 patients, there were 41 in this group: after operation the cardiographic changes of RVH regressed in only 13 and never returned to normal. Mounsey's experience was quoted by Evans and Short (1957) as an argument against submitting this type of case to operation. Our results are at variance with these, for the cardiogram returned to normal in no less than 59 per cent and improved to some degree in a further 12 pWr cent. But there are other, and more cogent reasons for advising operation in this group. Functional improvement is often striking (Fig. 8) and many patients completely disabled before valvotomy now lead a normal life with little or no disability. Here our experience tallies with that of Baker et al. (1955) and Mounsey (1957) , both of whom observed that there was little difference in the incidence and extent of functional improvement during the first two to five years after valvotomy in cases with or without pulmonary hypertension, and it must be remembered that these are patients in whom the untreated prognosis is extremely poor.
A good operative split is a prerequisite to success, but although it increases the likelihood of a good result with regression of the cardiographic changes it does not ensure it (Fig. 4) with which RVH will regress is affected by the extent as well as the rapidity of the fall in RV work.
CONCLUSIONS
In 60 patients with mitral stenosis and RV dominance in the electrocardiogram the operative mortality was high (18%). In 29 (59%) of the 49 survivors the cardiogram ultimately returned to normal, the time required ranging from under three months to two years. In a further 6 (13%) it improved although showing RVH, while in 14 (28%) there was no change. Change in the cardiogram was unrelated to age or sex but occurred much more frequently if the history was short. It may be inferred that a high pulmonary vascular resistance is to a large extent potentially reversible and therefore does not constitute a contra-indication to operation. Indeed, it is in this group that some of our most striking operative successes have been achieved and we are in agreement with Baker, Brock, and Campbell (1955) The significance of these findings has been discussed.
